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Theory
Disturbed normalized radar cross section 
(NRCS) due to quasi-specular scattering
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modulation of the first order wave-energy density spectrum
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the divergence of a vector v is defined in cylinder coordinates by
with the components of a tangential current of a spherical gyre 
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the vortex current gradient is then given by 
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this second order circulation cell due to tidal current flowing 
over a submarine wreck can then be approximated by the 
horizontal component of the tangential current gradient 
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Schematic sketch of the unidirectional current flow, cross structure 
residual flow above sand ribbons, horizontal component of the tangential 
current of the secondary circulation cell at the sea surface, associated 
sea surface roughness, and radar image intensity modulation
Conclusions (1)
• In general, the detection of radar signatures of wrecks 
can support rapid wreck search of hydrographic 
agencies of shallow sea areas to ensure the safety of 
shipping.
• Wreck marks or sand ribbons as well as radar signatures 
of wrecks are indicators of the local dominant (tidal) 
current direction.
• Radar signatures of wrecks are indicators of helical flow 
cells in the water column triggered by unidirectional 
(tidal) current flow caused by the wreck lying on the sea 
bed. 
Conclusions (2)
• The bright edge of an imaged radar wreck signature 
correlates with the windward direction.
• Radar signatures of underwater wrecks look like comet 
marks as imaged on side scan sonar records.
• Radar signatures of underwater wrecks depend on radar 
parameters, size, orientation and shape of the wreck, 
surrounding water depth, water depth above the wreck, 
and local wind and current conditions. 
